ABSTRACT. Tumor-associated macrophages (TAMs), which play a crucial role in the tumor microenvironment, can be divided into M1 and M2 phenotypes, these phenotypes may exert opposite effects on the prognoses of patients with gastric cancer (GC). The association between TAMs and GC is contentious. Thus, a meta-analysis of 12 studies (incorporating 1388 patients) retrieved from the Cochrane Library, PubMed, and Embase databases was conducted in order to evaluate the relationship between TAMs and GC prognosis. Hazard ratios (HRs) with 95% confidence intervals (CIs) were pooled to explore the effect of these cells on survival of GC patients. Our results implied that high 2 X.L. Wang et al.
total TAM infiltration levels correspond to worse overall survival (OS) in patients with GC (HR = 1.70, 95%CI = 1.39-2.09; P < 0.001), and a similar result was observed in relation to M2 macrophage infiltration (HR = 1.71, 95%CI = 1.19-2.45; P = 0.004). In contrast, elevated M1 macrophage density in GC patients was associated with better OS (HR = 0.46, 95%CI = 0.33-0.65; P < 0.001). This meta-analysis showed that the numbers of infiltrating M2 macrophages and total TAMs might be negative prognostic factors for patients with GC, while M1 macrophage infiltration may be associated with a favorable survival rate.
INTRODUCTION
Gastric cancer (GC) is a commonly occurring malignancy in China, and the second major cause of cancer deaths globally (Torre et al., 2015) . Despite recent advances in diagnostic and treatment strategies, overall survival (OS) of GC patients remains poor, with a 5-year rate of 4% for stage-IV cases (Thrumurthy et al., 2015) . Immunotherapies such as adoptive cell transfer, cancer vaccines, and monoclonal antibody treatments offer new options for GC patients, as does the development of new combination therapies targeting different mechanisms involved in tumor progression.
Tumor-associated macrophages (TAMs) function as immune regulators and constitute potential targets in cancer immunotherapy (Ruffell and Coussens, 2015) . TAMs may exert a dual effect on tumor growth, owing to the polarization of macrophages into two distinct phenotypes, M1 and M2 (Mantovani and Locati, 2013) . M1 macrophages function in antitumor immunity, whereas M2 macrophages contribute to tumor progression (Murray and Wynn, 2011) . Recently, Mills (2012) and Mills and Ley (2014) described M1 and M2 macrophages as 'inhibit' and 'heal' types, respectively, owing to their respective stimulation of the Th1 and Th2 response. M1 polarization is known as classical activation, and is considered to be induced by lipopolysaccharide and cytokines such as interferon-γ and tumor necrosis factor-α (Mills, 2012; Biswas et al., 2013; Mantovani and Locati, 2013) , whereas M2 macrophages are termed alternatively activated, and are thought to be induced by prostaglandin E2 and cytokines including interleukin (IL)4 and IL10 (Sica et al., 2008; Liu et al., 2012; Biswas et al., 2013) . M1 macrophages promote Th1 responses with microbicidal and tumoricidal effects (Mills, 2012; Biswas et al., 2013; Mantovani and Locati, 2013) , whereas M2 macrophages induce Th2 responses and promote tissue repair and remodeling, angiogenesis, immune suppression, and tumor progression (Sica et al., 2008; Biswas et al., 2013) .
Although the dual roles of TAMs in tumor progression have been supported by studies both in vitro and in vivo using different tumor models, the effect of tumor-infiltrating TAMs and TAM subsets on GC prognosis remains controversial. This may be due to both the heterogeneity of TAM subsets and the functional plasticity of TAMs in the tumor microenvironment. A variety of markers (including CD68, CD163, CD206, etc.) have been used to identify different TAM subsets in tumor tissues (Ishigami et al., 2003; Ohno et al., 2005; Haas et al., 2009; Kawahara et al., 2010; Wang et al., 2011; Kim et al., 2015; Lin et al., 2015; Wu et al., 2015; Zhang et al., 2015; Park et al., 2016; Zhang et al., 2016) . Among them, CD68 is commonly used as a cell surface marker of total infiltrating TAMs. Zhang et al. (2012) reported that a high density of such cells is associated with worse OS of patients with GC, not taking into account TAM subsets. Certain technical limitations apply to the conclusions drawn in previous studies, including small sample sizes restricting their statistical power. Therefore, we carried out the present meta-analysis to explore the prognostic significance of different TAM types in the GC tumor microenvironment, by pooling data from 12 eligible investigations.
MATERIAL AND METHODS
This analysis was performed according to the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (Liberati et al., 2009 ).
Search strategy
Embase, PubMed, and the Cochrane Library (last update: April 19, 2016) were searched for studies having evaluated TAM density and survival in GC. The following terms were applied for study extraction: "tumor-associated macrophage OR TAMs OR tumor associated macrophage" (all fields) AND "gastric OR stomach" (all fields) AND "tumor OR tumour OR neoplasm OR cancer OR carcinoma" (all fields) AND "prognosis OR prognostic OR survival OR outcome" (all fields). Besides titles, abstracts, and full texts, references included in the extracted studies were also searched to identify potentially relevant articles.
Inclusion and exclusion criteria
Studies were selected using the following inclusion criteria: 1) articles concerning GC and the prognostic significance of TAMs or TAM polarization (M1 and M2 macrophages); 2) sufficient data were included for the estimation of hazard ratios (HRs) and 95% confidence intervals (CIs); 3) macrophage infiltration in GC was categorized into high (above the cut-off value) and low (below the cut-off value) densities. The following exclusion criteria were also applied: 1) studies providing insufficient data for the calculation of HRs and 95%CIs were excluded; 2) when two or more studies examined the same group of patients, only the latest or most comprehensive article was used; 3) case reports, animal trials, reviews, and conference abstracts were not included.
Data extraction and quality assessment
The following information was extracted: author's first name, year, source of study population, number of patients, tumor stage, follow-up information, detection method, TAM polarization, macrophage markers, cut-off value, HRs relating to the effect of TAMs and their polarization on OS and disease-free survival (DFS), and corresponding 95%CIs. When both univariate and multivariate analyses were included in a study, only the latter was used. The quality of each article was evaluated according to the Newcastle-Ottawa Scale (NOS; Stang, 2010) , scores for which vary from 0 to 9. Eligible articles with scores ≥ 6 were considered to be of high quality.
Statistical analysis
HRs with 95%CIs were applied to explore the association between TAM density and GC patient prognosis, with an HR > 1 indicating worse prognosis, and an HR < 1 implying better prognosis. If such data were not directly stated in the article, they were extracted from available information following the guidelines set out by Tierney et al. (2007) . When values of variables could only be taken from figures, data in Kaplan-Meier survival curves were extracted with Engauge Digitizer version 4.1 (free software downloaded from http:// sourceforge.net), which was used to reproduce HRs and their 95%CIs. Statistical heterogeneity was tested graphically by the chi-square test, with a P value cut-off of 0.10, and by calculating I 2 (Higgins and Thompson, 2002; Higgins et al., 2003) . If a P value < 0.10 or an I 2 value > 50% was returned, a random-effect model was applied to assess the data; otherwise, a fixed-effect model was used. Publication bias was evaluated with the Egger tests and Begg's funnel plots. All analyses were conducted in Stata 12.0 (StataCorp LP, College Station, TX, USA).
RESULTS

Study characteristics
In total, 125 records were initially retrieved from the databases. These potentially relevant articles were screened for eligibility based on duplication, title, abstract, and publication type, after which, 110 were excluded. The full texts of 15 candidate articles were carefully reviewed, with three being excluded as a result (two with inadequate data and one having examined the same patient group as another study). Finally, 12 studies were included in the meta-analysis ( Figure 1 ; Ishigami et al., 2003; Ohno et al., 2005; Haas et al., 2009; Kawahara et al., 2010; Wang et al., 2011; Amoueian et al., 2015; Kim et al., 2015; Lin et al., 2015; Wu et al., 2015; Park et al., 2016; Zhang et al., 2015 Zhang et al., , 2016 . In total, 1388 patients from China, Taiwan, Korea, Iran, Japan, and Germany were included. Four studies incorporated fewer than 100 patients, and three examined over 150 patients. Nine articles reported the prognostic value of total infiltrating TAMs (Ishigami et al., 2003; Ohno et al., 2005; Haas et al., 2009; Kawahara et al., 2010; Amoueian et al., 2015; Kim et al., 2015; Wu et al., 2015; Zhang et al., 2015 Zhang et al., , 2016 , whereas others focused on specific TAM polarization subsets. Immunohistochemistry was used to detect both total infiltrating TAMs and TAM polarization. Cut-off values were chosen according to several measures, including the median (N = 8) and mean (N = 1). Other characteristics of the included articles are shown in Table 1 . The average NOS score was 6.8. CD68 was commonly used to identify macrophages, being employed as a TAM marker in 10 studies, one of which utilized it in combination with other specific macrophage markers. Zhang et al. (2015) and Wang et al. (2011) 
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− cells, respectively. M2 macrophages were recognized as CD163 + cells in three studies (Kawahara et al., 2010; Kim et al., 2015; Park et al., 2016) , and as CD206 + and CD204 + cells in one study each (Lin et al., 2015; Zhang et al., 2015) .
Subgroup analysis
Outcomes of GC patients corresponded remarkably to TAM polarization status. Thus, we performed subgroup analyses based on this variable, the principal results of which are given in Table 2. HR = hazard ratio, CI = confidence interval, TAM = tumor-associated macrophage, OS = overall survival, DFS = disease-free survival. 
Total infiltrating TAMs and GC prognosis
Among the 12 included studies, nine reported the relationship between total infiltrating TAMs and patient survival. Seven of the articles evaluated OS (Ishigami et al., 2003; Haas et al., 2009; Kawahara et al., 2010; Amoueian et al., 2015; Wu et al., 2015; Zhang et al., 2015 Zhang et al., , 2016 , and two recorded DFS (Ohno et al., 2005; Kim et al., 2015) . The pooled HR of the former seven studies indicated that TAM infiltration correlates with worse OS (high CD68 + TAM density vs low CD68 + TAM density, HR = 1.70, 95%CI = 1.39-2.09; P < 0.001; heterogeneity: I 2 = 17.6%, P = 0.295; Figure 2A ). Two investigations focused on CD68 + TAM density and DFS (Ohno et al., 2005; Kim et al., 2015) . A random-effects model was applied to estimate their pooled HR and its 95%CI owing to the presence of significant heterogeneity (P = 0.076, I 2 = 68.1%; Figure 2B ). The result of our analysis implied that there is no association between high TAM levels and DFS in GC (HR = 1.13, 95%CI = 0.33-3.89; P = 0.846).
M1 macrophage density correlates with better OS
Two studies investigated the relationship between M1 macrophages and patient survival (Wang et al., 2011; Zhang et al., 2015) . Zhang et al. (2015) and Wang et al. (2011) considered CD11c + and CD68
− cells to be M1 macrophages, respectively. Both are thought to be valid markers of the M1 macrophage subset. A fixed-effect model was applied to pool HRs, as no significant heterogeneity was detected (P = 0.556, I 2 = 0.0%; Figure  3 ). High M1 macrophage density in GC tissues was found to be associated with favorable OS (HR = 0.46, 95%CI = 0.33-0.65; P < 0.001). 
M2 macrophage subset correlates with worse OS
Five studies assessed the connection between M2 macrophages and patient survival (Kawahara et al., 2010; Kim et al., 2015; Lin et al., 2015; Zhang et al., 2015; Park et al., 2016) , four of which explored the relationship between these cells and OS. Kawahara et al. (2010) and Park et al. (2016) identified M2 macrophages as CD163 + cells, whereas Zhang et al. (2015) and Lin et al. (2015) considered them to be CD206 + and CD204 + cells, respectively. All three markers are believed to be able to indicate M2 macrophages. As significant heterogeneity was evident among these studies (P = 0.015, I 2 = 71.2%; Figure 4 ), overall estimates were calculated using a random-effect model, the result of which suggested that GC patients with high M2 macrophage densities exhibit worse OS (HR = 1.71, 95%CI = 1.19-2.45; P = 0.004). 
Sensitivity analysis demonstrated statistically insignificant impact of publication bias
We conducted sensitivity analyses to determine whether any individual study substantially affected the pooled HRs. The extent of funnel plot asymmetry was estimated using Egger's test. This test of bias in the analysis of total infiltrating TAMs and OS returned a P value of 0.762 (Table 2) . Concerning the M2 macrophage subset and OS, the Egger test gave a P value of 0.052. To test the interdependence of effect size and variance, we carried out the Begg tests for each analysis. These demonstrated P values of 1.000 and 0.734 in regard to total infiltrating TAMs and OS and M2 macrophages and OS, respectively. Sensitivity analysis concerning our examination of total infiltrating TAMs and OS, conducted with a fixed-effect model, revealed that the result was not significantly affected by any individual study. P values of all Egger's and Begg's tests were greater than 0.05, and funnel plots of analyses of total infiltrating TAMs and M2 macrophages were symmetric ( Figure 5 ). Therefore, no clear indication of publication bias was evident in our meta-analysis. Owing to the small number of studies included in the remaining two subgroup analyses, tests of publication bias were not performed.
DISCUSSION
TAMs constitute an important component of the tumor immune microenvironment, releasing many cytokines and promoting tumor progression via diverse mechanisms, including therapeutic resistance, angiogenesis, immune suppression, and metastasis (Ruffell and Coussens, 2015) . The effect of TAMs has been observed to vary between solid tumor types in different studies performed using human specimens. However, recent investigations concerning TAMs in GC patients have generated conflicting data. This meta-analysis was performed to clarify the potential role of these cells in GC prognosis, by investigating the relationship between TAM infiltration and patient survival based on studies of GC tissues using different cell markers. Our results showed that high total infiltrating TAM density and M2 macrophage infiltration in GC were both associated with poor OS, while elevated M1 macrophage presence correlated with better OS. Moreover, there was no association between total infiltrating TAMs and DFS in GC patients.
A growing body of evidence indicates that the tumor microenvironment exerts a crucial influence on the determination of leukocyte function and phenotype. It is increasingly recognized that inflammation contributes to the development of many tumors. In combination with certain other cell types, activated macrophages are considered to be central to tumorassociated inflammation, indicating the involvement of host systems in tumor growth (Balkwill et al., 2005) . It has been demonstrated that M1 and M2 TAMs have opposing effects on tumor growth, the latter being considered promotors of tumor expansion, and the former playing a protective role in such progression. The function of TAMs in cancer is not immutable, and is influenced by the tumor microenvironment. As TAMs are more closely associated with M2, rather than M1, macrophage characteristics, numerous articles have concluded that high TAM levels correspond to poor survival in many cancers, including those of the ovary, breast, lung, and endometrium (Zhang et al., 2013; Kübler et al., 2014; Pei et al., 2014; Reinartz et al., 2014; Yuan et al., 2014) . Nevertheless, inconclusive findings have been published with respect to GC (Komohara et al., 2014) . Such ambiguous results may be due to a failure to distinguish between M1 and M2 phenotypes.
Many studies have used CD68 to identify total infiltrating TAMs. Indeed, this is the most commonly utilized marker of these cells. Gottfried et al. (2008) investigated the expression of CD68 in different primary cultures and cancer cell lines, finding it to be widespread, including in fibroblasts, monocytes, macrophages, endothelial cells, and even certain cancer cells. CD68 may not be specific to TAMs, but merely enriched in this cell type (Gottfried et al., 2008) . Therefore, it may nonetheless be a relatively reliable TAM marker. Nine of the 12 included studies used CD68 as a macrophage marker (Ishigami et al., 2003; Ohno et al., 2005; Haas et al., 2009; Kawahara et al., 2010; Amoueian et al., 2015; Kim et al., 2015; Wu et al., 2015; Zhang et al., 2015 Zhang et al., , 2016 . The corresponding pooled HR indicated that high levels of CD68 + TAMs correlated with poor OS, but no significant correlation was identified between such cells and DFS.
Increasing evidence suggests that TAM infiltration can predict the OS of patients having undergone surgical resection for GC, although the specific underlying mechanisms remain unclear. It has been reported that TAMs can spread via lymphatic flow in the premetastatic lymph nodes of GC patients (Go et al., 2016) , which is considered to be one of the mechanisms responsible for increased tumor cell invasiveness and metastasis. Zhang et al. (2016) found TAMs to be associated with the induction of epithelial-mesenchymal transition in human GC tissues. Moreover, Lin et al. (2015) revealed that the interaction between osteopontin and TAMs can promote GC progression. One study included in the present analysis revealed that TAM density is remarkably related to poor survival of patients with intestinal GC, whereas no such association is evident concerning those with diffuse GC (Kawahara et al., 2010) , suggesting that the influence of TAMs on this disease's prognosis depends on histological type.
However, our study found no association between total infiltrating TAMs and DFS. First, this may be due to the limitations of our analysis. The number of included articles and the sample size were relatively small, resulting in the detection of significant heterogeneity among studies. Second, of the articles in this subgroup, Kim et al. (2015) investigated total infiltrating TAMs, whereas Ohno et al. (2005) focused on those localized to the invasive margin. TAMs in different locations may have divergent effects on tumor growth and immunosuppression. Ohno et al. (2005) concluded that TAMs in the invasive margin promote tumor growth by suppressing the immune response. Third, DFS refers to the period of time after primary treatment during which no signs or symptoms of cancer are observed, whereas OS is measured until the death of the patient. The tumor microenvironment may change during tumor progression, altering the functions of total infiltrating TAMs. Moreover, Park et al. (2016) reported that high M2 macrophage infiltration correlates with poor DFS, while Kim et al. (2015) showed that elevated densities of such cells are associated with improved DFS. These contrasting results indicate that the relationship between polarized TAMs and DFS remains controversial, which may partially influence the observed effect of total infiltrating TAMs.
Various cytokines can activate M1 macrophages, which go on to produce proinflammatory molecules. M2 macrophages release factors that advance tumor progression, promote angiogenesis, and adjust adaptive immunity to contribute to metastasis (Biswas and Mantovani, 2010 
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− cells, both of which are considered representative of M1 macrophages, were used in studies included in the present meta-analysis (Wang et al., 2011; Zhang et al., 2015) . A number of studies focused on tumor-promoting M2 macrophages using more specific markers, including CD206, CD204, and CD163 (Kawahara et al., 2010; Lin et al., 2015; Zhang et al., 2015; Park et al., 2016) . The latter functions as a macrophage-associated scavenger receptor (Nam et al., 2014) , and is known to be an efficient marker distinguishing M2 macrophages from other cell types. CD206 and CD204 were also used as markers in investigations incorporated into our analysis (Lin et al., 2015; Zhang et al., 2015) . As markers of M2 macrophages, these molecules are considered to be as effective as CD163. Our results imply that high levels of M2 macrophages are related to poor survival. This may be partly explained by the fact that chronic inflammation is closely associated with gastric tumors, in which M2 macrophages can be observed after staining for the appropriate markers. Park et al. (2016) reported that CD163 + TAMs are linked to increased microvessel density, suggesting that M2 macrophages facilitate angiogenesis in GC patients. Although the pooled HR of these studies confirmed an association with M2 macrophages, the prognostic roles of different markers of such cells remain to be investigated.
The degree of TAM infiltration may be utilized as a prognostic factor, and could even serve as a therapeutic target in GC. Furthermore, the prognostic influence of polarized TAMs can be combined with tumor-node-metastasis staging to estimate GC patient prognosis, guiding clinicians in the formulation of improved treatment strategies based on the individual patient's condition. It is becoming increasingly evident that anticancer treatments, such as radiotherapy, conventional therapies, and targeted agents, totally or partially rely on the activation of immune reactions. The multiple functions of TAMs in tumor progression imply that the targeting of this group of immune cells may represent a novel immunotherapeutic strategy. Moreover, it may offer a new GC treatment option through immune system modulation, altering the tumor microenvironment to block tumor progression. Specifically, TAMs could be removed or limited in the tumor microenvironment, or M2 to M1 macrophage transformation could be encouraged (Biswas et al., 2013; Mantovani et al., 2014) .
Despite our best efforts to conduct a comprehensive analysis of TAM polarization and patient survival, there were some shortcomings to the present study. First, diverse cutoff values were applied in the included articles, which may have had a negative impact on the observed precision of TAMs and their polarization subsets as prognostic factors in GC. Second, discrepancies between results were probably due to variations in the methodologies employed, with some studies not taking into account the influence of the markers used and the distribution of TAMs in different histologic locations in GC tissues. Third, as we only included articles published in English, language bias may have been present. Fourth, some HRs and 95%CIs were calculated using data derived from Kaplan-Meier survival curves. Fifth, the number of included articles was relatively small.
In conclusion, it is clear that TAMs demonstrate both pro-and anti-tumorigenic properties in GC. The present meta-analysis revealed that high levels of total infiltrating TAMs and M2 macrophages correlate with poorer OS in GC patients, and elevated M1 macrophage density may be regarded as a positive prognostic biomarker. However, increased numbers of total infiltrating TAMs showed no association with DFS of GC patients. Due to the limitations of the present analysis, further prospective studies employing a standardized methodology and larger sample sizes are needed to validate its conclusions. Moreover, investigations exploring the underlying mechanisms by which TAMs affect tumor progression would contribute to new GC therapy approaches.
